Abstract. The increasing demand of mobile multimedia services has motivated the use of new communication technologies that could improve the utilization of spectrum resource. In this paper, we study a mobile communication network that adopts phased array technology to improve the reuse of spatial spectrum resource, in which each base station (BS) communicates with multiple mobile users (MUs) simultaneously in the same frequency channel by applying beamforming. We understand from analysis that in such a network, the parallel communications supported by phased array technology could produce interference to each other. Moreover, the interference level largely depends on the angles of beams. We then propose a novel networking method that let a MU select a proper BS according to both distance, which largely decides receiving power, and the beam angle, which is the main factor that decides co-channel interference, as compared to conventional networking scheme that requests a MU to select a proper BS simply according to distance. Both analysis results and simulation results show that the proposed scheme obtains advantage over the conventional scheme in terms of the network throughput.
Introduction
In recent years, the increasing demand of multimedia services has motivated the use of new communication device that could improve spectrum utilization efficiency [1] . The MIMO antenna array based on multi-beam forming technology with many advantages such as high antenna gain, multi-beam and low cost has been gradually applied in mobile communication systems [2] - [3] .
In a traditional mobile communication system, a base station (BS) forms a regional network through an omnidirectional antenna, and communicates with mobile users (MUs). To ensure that the MU connecting with the same BS do not interfere with each other, different frequency channels are allocated to different MUs [4] . A MU then selects a proper BS and joins the network simply according to its distance to the BS.
When phased array antenna (one type of MIMO antenna) is used in the BS, it could communicate with multiple MUs simultaneously in the same frequency channel by introducing new channel dimension of direction, the spatial reuse of spectrum resource then can be greatly improved. However, co-channel interference (CCI) caused by the parallel transmission becomes a new issue in such a mobile network. The interference issue in the new generation network has attracted lots of attention and interests [5] [6] [7] . A scheme is proposed in the terrestrial environment to mitigate multi-beam inter-frequency interference by changing the position of the BS. However, since in reality the position of BS is usually fixed while MU change dynamically, the proposed scheme is difficult to apply [6] . The work in [7] proposes to reduce the interference via scheduling and link adaptation, which has strict requirements on application environment and time scheduling.
In this paper, we propose a new networking scheme for the mobile communication network that adopts phased array technology. Under the proposed scheme, a MU selects a proper BS according to both beam angles and distance in between. In conventional networking scheme, a MU selects a proper BS mainly according to distance since it is the major factor decides the receiving power. We make the new proposal since we understand through analysis that the angles of beams produced by MU in the same network could have great impact on CCI.
The rest of this paper is organized as follows. Section II introduces the network structure, the signal/interference model and the proposed networking scheme. In section III, we analyze our proposed networking scheme; Section IV shows the simulation setting and some useful results; Section V concludes the paper.
Proposed Networking Scheme

Network Structure and Assumptions
The network consists of two types of communication nodes: MU and BS. In Fig.1 , nodes u 1 , u 2 and u 3 are MU, nodes s 1 and s 2 are BS. All nodes in the network are equipped with a three-dimensional spherical digital phased array antenna, which is an advanced MIMO antenna and enables multi-link communication simultaneously [3] . The two circles represents coverage of the two BS and the overlapping area is indicated by the shaded zone.
For the analysis convenience, we make following assumptions for the system model: 1) All the BS nodes and MU nodes are equipped with the same phased array antennas when transmitting or receiving signal. So transmitter power P t and antenna pattern are identical.
2) All the BS nodes are able to generate multi-beams in a frequency channel at a time to communicate with multiple MU nodes simultaneously over the same frequency channel.
3) A MU node can only connect to either of the BS nodes. 
Signal and Interference Model
We design a 2.4GHz patch-type phased array antenna formed by 3×3 array elements as only a small subarray of an antenna. Its pattern generated by Computer Simulation Technology (CST) is shown in the Fig.2 which indicates the relationship between antenna gain and angle deviated from the boresight direction. Then we will use this type of antenna in the following discussion. In Fig.1 When only considering the path loss caused by communication distance, each MU node will connect to its closest BS. Consequently, node u 1 and u 2 connect to s 1 while node u 3 connects to s 2 . We define the received power P s j u i for BS node s j , it can be given by
where P t is transmitted power by node u i , G t (0) and G r (0) are the maximum gain of both transmitter and receiver antenna, λ is the wavelength, d u i s j is distance between node u i and s j . If receiver antenna generates multiple beams with high level of side lobe or wide main lobe, interference signals may be received with high gain and then high CCI will be produced. The interference generated by MU node u k (k ≠ i) when it communicates with BS node s j will deteriorate the communication link between node u i and BS node s j . The interference is given by 
According to (1) and (3), a small d u i s j brings good SIR s j u i . According to (2) and (3), a large θ u k s j u i produces a small I u k s j u i and will then lead to a high SIR s j u i . Therefore, when u i node selects a BS, it should try to select the one not only brings a small d u i s j but also has the large θ u k s j u i . 
Topology of Proposed Networking
For analysis convenience we further simplify the network model, we formulate a specific topology of nodes distribution. In Fig.3 , the distance d s 1 s 2 =√2R, and d u 2 s 1 =d u 2 s 2 =d u 3 s 2 = √2R 2 ⁄ . We set that a quarter of the overlapping area is the region of interest (ROI), and we constrain the node u 1 within the ROI. When using conventional networking scheme under which a MU selects BS simply according to distance, i.e. proximity principle, the network shown in Fig. 3 (a) may be formed. By contrast, under the proposed networking scheme, a MU selects BS according to both distance and beam angle, which is called A&D principle here, the network shown in Fig. 3 (b) could be formed.
Theoretical Analysis
In Fig.3 (a) , the MU node u 1 connects to s 1 , the sum of the network throughput is then given by (1) and (2) . In further,
(5) Since the back direction of the antenna has no radiation, when the BS node s 2 communicates with MU node u 3 , the communications in s 1 will not deteriorate the communication link between u 3 and s 2 , there will not any CCI in s 2 . Similarly in Fig.3 (b) , node u 1 connects to s 2 , the sum of the network throughput is then given by 
to compare the difference between C 1 and C 2 . The value of η changes as node u 1 moves. In η<0 area, the distance factor dominates and the MU node u 1 should communicate with the base station s 1 ; if in η>0 area, the angle factor dominates and the MU node u 1 should communicate with the base station s 2 .
Performance Evaluation Simulation Settings
Performance of the proposed networking scheme for a digital phased array antenna system is evaluated by MATLAB simulations based on following settings. Firstly, we randomly select 100 locations from the ROI for calculating the average network throughput. Secondly, we choose 10 types of antenna pattern formed by a linear phased array varying from 1-10 elements to evaluate the impact of number of array elements utilized towards two different networking schemes. The antenna gain curve is shown in Fig. 4 . 
Evaluation of Joint Effects of Angle and Distance
We analyze the potential field of η(x,y) in the ROI which is shown in the shaded zone of Fig. 5(a) .
To avoid confusion, we set the area not in ROI portion η = 0. The potential field of ROI is then shown in Fig. 5(b) . The maximum value of η appears nearby θ u 1 s 1 u 2 =40°, and the minimum value of η appears nearby θ u 1 s 2 u 3 =40°. The gain at this angle is a minimum value of antenna. In Fig. 5(b) , we note that the angle affects a lot on the network flow. Under such condition, a large number of available areas satisfy the condition of selecting the communication base station according to the angle to obtain higher network throughput. Therefore, the proposed method shows great practicability. 
Simulation Results
As shown in Fig. 6 (a) and Fig. 6 (b) , the proposed method can obtain higher average SIR and higher average network throughput. The improvement in SIR and network traffic is derived from: the method we propose considers the co-channel interference in nearby beams. By changing the communication base station, the gain in the direction from the interference signal to the receiving antenna is lower than before. At the same time, the average SIR and network throughput increase with fluctuation as the number of array elements increases, which is because the width of main beam and side beam fluctuates, and the gain of boresight direction increases. Through this method, the overall network performance can be improved.
Summary
In this paper, we propose a new networking scheme for a network applied with phased array antennas, which requests a Mobile user (MU) selects a Base Station (BS) according to both distance in between and angles of beams produced by nodes in the same BS. Analysis results show that angles have good impacts on level of co-channel interference, and the proposed scheme has effectively decreased the interference level. As a result, it has improved the spatial reuse of spectrum resource. Simulation results have verified the advantage of the proposed scheme over conventional ones in terms of network throughput.
